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FOREWORD 


This  work  was  carried  out  under  the  NSWC  IR  Task  201,  Task  No.  ZRC1309, 
Explosives  Chemistry  for  Weapons.  One  objective  of  this  Task  is  the  synthesis 
of  new  explosives  ingredients  which  will  enable  the  formulation  of  energetic 
yet  insensitive  explosives.  In  the  work  described  herein,  an  attempt  is  made 
to  clarify  relationships  between  molecular  characteristics  of  explosive 
compounds  and  their  sensitivity  and  performance  properties.  A  better 
understanding  of  these  relationships  is  needed  for  the  successful  design  of 
new  insensitive  high-energy  molecules. 

Helpful  discussions  with  Drs.  M.  J.  Kamlet  and  C.  Dickinson  are  gratefully 
acknowledged. 

•  ••■  J.  F.  PROCTOR 
By  direction 
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INTRODUCTION 


Explosives  which  combine  high  performance  with  insensicivicy  (IHPE)*  have 
been  a  goal  of  military  explosives  development  for  some  time.  In  one  approach, 
highly  energetic  but  sensitive  explosives  such  as  RDX  and  HMX  are  desensitized 
by  embedding  in  elastomeric  polymers  (binders).  The  result  is  a  series  of 
explosive  compositions  with  "intermediate"  sensitivity  and  performance 
attributes  which  are  of  great  practical  value.  This  approach  is  currently  being 
refined  and  extended  by  the  use  of  energetic  binders  which  are  expected  to 
increase  the  performance  of  these  compositions  without  significantly  raising 
their  sensitivity.  Some  use  has  also  been  made  of  the  kinetic  effects  present 
in  "non-ideal"  explosives  to  affect  the  balance  of  performance  and  sensitivity, 
for  example  in  such  materials  as  PBXN-103  and  PBXN-103. 

Recently,  another  approach  to  IHPE  has  received  consideration,  in  which 
intrinsically  insensitive  materials  are  sought  which  as  a  result  of  their 
molecular  properties  also  possess  useful  performance  characteristics.  TATB  and 
NQ  are  currently  the  prototypes  of  such  compounds.  Since  their  energy  content 
is  comparable  to  TNT,  their  utility  is,  however,  limited.  The  question  arises, 
can  other  compounds  be  made  which  are  as  insensitive  as  TATB  and  NQ  but  have 
higher  energy,  or,  more  generally,  can  we  synthesize  new  explosive  compounds 
with  other  and  more  attractive  combinations  of  sensitivity  and  performance? 

To  pursue  this  question,  it  would  be  very  useful  to  know  how  explosive 
sensitivity  and  performance  are  related  to  each  other  and  to  the  structure  and 
molecular  properties  of  the  explosive  compound.  Although  a  number  of  limited 
studies  relating  sensitivity  or  aspects  of  performance  to  molecular  structure 
have  been  made^,  the  only  attempts  to  interrelate  sensitivity  and  performance 


*The  terms,  performance  and  sensitivity,  are  used  here  in  their  broadest 
definitions.  Sensitivity,  for  example,  encompasses  the  response  to  thermal 
loads,  to  low  strain  rate  mechanical  pulses,  and  to  high  strain  rate  impact 
phenomena  or  shockwaves.  Performance  includes  underwater  shock  and  bubble 
effects,  airblast,  and  metal  acceleration. 

1-Price,  D.,  Chem.  Reviews  22.»  ®01  (1959);  Kamlet  M.  J.,  and  Jacobs,  S.  J., 

J.  Chem.  Physics,  23  (1968);  Delpuech,  A.,  and  Cherville,  J.,  Propellants 
and  Explosives  3_«  1^9  (1978);  Hill,  M.  E.,  and  Guimont,  J.  M.  ,  "Desensitization 
of  Explosive  Materials",  Final  Report  for  Contract  N0014-76-C-0810 ,  Dec  1979. 
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appear  to  be  those  by  Kamlet^  and  Kamlet  and  Adolph^  involving  correlations 
of  impact  sensitivity  with  oxygen  balance.  Oxygen  balance  can  be  regarded  as  a 
molecular  parameter  qualitatively  related  to  explosive  performance  although  no 
direct  proportionality  with  any  specific  explosive  effect  has  been 
demonstrated.  It  was  shown  that  log(50X  impact  height)  is  a  linear  function  of 
the  oxygen  balance  for  four  classes  of  nitro  compounds,  but  with  different 
coefficients  and  constants  for  each  of  the  four  regression  equations.  Thus  a 
relationship  between  impact  sensitivity  and  performance  as  well  as  an  effect  of 
molecular  structure  on  this  relationship  has  been  demonstrated. 

Since  the  completion  of  the  impact  sensitivity  vs.  oxygen  balance 
correlations^,  the  molecular  properties  which  determine  explosive  performance 
of  C,  H,  N,  0,  F  compounds  have  been  identified  at  least  qualitatively  if  not 
quantitatively^.  It  appears  now  that  most  types  of  explosive  performance  of 
such  compounds  can  be  understood  in  terms  of  the  detonation  energy  (Q),  the 
number  of  moles  (N)  and  molecular  weight  (M)  of  detonation  gas,  and  the  crystal 
or  initial  density  Since  these  molecular  parameters  are  relatively 

easily  accessible*,  it  appeared  that  the  relationship  between  sensitivity  and 
performance  of  explosive  compounds  could  be  defined  further  by  investigating  the 
relationship  of  these  molecular  properties  with  explosive  sensitivity.  Some 
initial  attempts  at  such  an  investigation  involving  the  quantities  N,  M,  and 
Pq  are  reported  here. 


^Kamlet,  M.  J.,  "The  Relationship  of  Impact  Sensitivity  with  Structure  of 
Organic  Explosives.  I.  Polynitroaliphatic  Explosives",  Proceedings  6th 
Symposium  (international)  on  Detonation,  San  Diego,  CA,  Aug  1976;  ONR  Report 
ACR  221,  p.  312. 

^Kamlet,  M.  J.  and  Adolph,  H.  G.,  Propellants  and  Explosives  4,  30  (1979). 

4 

Price,  D.,  Chem.  Reviews  801  (1959);  Kamlet,  M.  J.,  et.  al.,  J.  Chem. 
Physics  23,  43,  3685  (1968). 

*In  the  most  simple  approach,  N,  M,  and  Q  can  be  calculated  (using  Kamlet's 

definitions^);  p  of  new  explosive  compounds  is  often  routinely  determined, 
o 

^Kamlet,  M.  J.  and  Jacobs,  S.  J.,  J.  Chem.  Physics  48,  26-28  (1968). 
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EXPERIMENTAL 


DATA  BASE 

The  major  problem  in  attempting  these  correlations  was  the  compilation  of  a 
suitable  data  base.  It  was  obvious  from  the  outset  that  the  only  sensitivity 
data  availal>le  on  a  sufficiently  large  and  diversified  set  of  nitro  compounds 
were  impact  sensitivities.  The  difficulties  in  comparing  impact  sensitivities 
determined  at  different  laboratories  are  well  recognized,  and  the  problems  of 
reproducibility  of  impact  sensitivity  data  even  using  the  same  machine  have  been 
amply  discussed^ >3.  Relationships,  or  the  lack  thereof,  between  different 
types  of  explosive  sensitivity  and  sensitivity  tests  have  been  studied  by 
Urizar,  Peterson,  and  Smith^.  The  impact  sensitivity  data  used  in  the  present 
work  were  all  determined  on  the  same  NSWC  (formerly  NOL)  machine  whose  operation 
has  been  described  and  discussed  in  detail^,  but  they  were  obtained  over  a 
period  of  more  than  20  years  by  several  operators  who  used  different  means  of 
detecting  a  "go".  Thus  the  impact  sensitivity  data  were  collected  under  partly 
favorable  and  partly  unfavorable  conditions. 

A  further  complication  was  the  need  for  additional  experimental  data  besides 
impact  sensitivities.  While  N  and  M  can  be  calculated  and  Q  can  at  least  be 
estimated  from  the  chemical  composition  and  structure  of  each  compound'*',  the 
crystal  density  must  be  determined  experimentally.  Unfortunately,  for  many 
compounds  synthesized  during  the  past  23  years  or  submitted  to  NSWC  for  testing 
either  density  or  impact  sensitivity  were  determined,  but  not  both.  This 
restricted  the  set  of  suitable  compounds  to  no  more  than  230.  To  take  into 
account  at  least  some  of  the  structual  effects  on  impact  sensitivity  noted  by 
Kamlet^i^,  this  set  was  subdivided  into  nitramines  (76,  Table  1), 
nitroaromatic  (59,  Table  2),  and  nitroaliphatic  compounds  (64,  Table  3). 
Compounds  from  the  original  set  of  230  which  did  not  belong  to  one  of  these 
classes  are  not  included  in  the  present  analysis. 


2see  Reference  2  on  page  2  . 

3 See  Reference  3  on  page  2  . 

^Urizar,  M.  J.,  Peterson,  S.  W.,  and  Smith,  L.  C.,  "Detonation  Sensitivity 
Tests",  LA-7193-MS,  Los  Alamos  Scientific  Laboratory,  April  1978. 

^Ref  3.,  p  34,  and  Ref  3.,  footnote  14. 

* 

See  the  previous  footnote,  p.  2  . 
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TABLE  1.  LIST  OF  NITRAMINES* 


R-H-NoIHK  1.8.  NOj#  mm’'*  Po 

1.88  1.87  1(1,7  1.783 
7t7t8l8tl  1.13  1.713  18.0  1.7t« 

3(8081800  .88  1.07  17*8  1.788 

3(887(010  I. to  1.80  18.0  1.770 

3(80008(0  1.30  i.<38  17.8  1.806 


388(6(8(0  t.OO  t.<7  16.8  t,87(  . 
60  6  08  0  8  0  3  1.61  1.30  17.7  1.(30 
6(606  0  8(1  1.08  1.81  17.0  1.7(1  • 

686081(07  1.70  l.SO  17.7  1.310 

6(60816(0  .80  1.00  17.6  1.370 

6(8(8|(0(  1.23  1.81  17.8  1.726  - 

6(806(8(0  1.80  .87  18.6  1.660 

6081)803(0  1.73  1.67  17.8  1.770  - 

6(8(811(0  .82  1.88  17.8  1.(10 

6(7(8t((l  .81  1.26  19.8  1.8(0 

6((0((((0  1.61  t.<l9  17.6  1.300 

6t  008  (80(  1.88  1.26  17.1  1.6  3  0 

8(8061(00  1.19  1.61  17.0  1.(73 

988((|6((  .78  1.76  17.8  1.(62 

807(91(((  1.70  l.«9  17.0  1.638  « 

88(0811(0  1.(3  1.97  17.6  1.77( 

80(0803(0  1.33  1.61  17.0  1.729 

8(3(9(8((  1.67  1.61  17.0  1.623  - 

80807l(((  1.(7  1.93  17.6  1.770 

(t(06((0(  1.66  1.6?  1(.8  1.620 

8  1  006  (  8(0  1.86  1.67  18  .  8  1.(36 

91(1(16(0  1.00  1.38  10.1  1.803 
6(8(816(0  .78  1.68  17.7  1.(60  > 

8(6081800  .39  1.87  17.6  1.868 

606((16((  .30  1.97  17.6  1.018 

8(3(81(((  1.98  1.28  |8.A  1.800  >. 
8(8(7t2((  1.76  1.87  17.1  1.888 
603(7|2((  1.18  1.99  17.1  1.760  . 

80307t20(  1.73  1.67  17.1  1.736  , 

6t((81(0(  1.68  1.93  18.7  1.726  , 

816061(01  7.77  1.01  16.6  1.960  . 

616(M8((  1.73  1.73  18.8  1.880  , 

7(9((0(0(  1.91  1.33  16.8  1,730  . 

7(81020(0  1.(7  1.69  17.3  1.(87  , 

7(9(716(0  1.70  1.69  18.9  1.700 

7(8(716(0  1.18  1.69  10.8  1.733  . 

7(8071600  1.38  1.69  18.8  1.7(0 
7080818(0  1.37  1.97  17.7  1.770  . 

7(8(918(1  1.78  1.67  17.3  1,790  . 

0(6(617(1  I.IO  1.77  16.9  1.790  >. 

•(8((1(((  1.19  1.38  17. •  1.770 


>,(98  HFTHVL«^HF  niHfTfl(MTNC  IHmiNO 
.086  FTHVLFHF  0161788  >TNF  IFONO) 

-.007  T7tM!T30FTH7t  AfTHVL  MtT(*HINE 
-.030  TPIN(T»0FrHYLNIT8OCU8NinrNF 
.009  t,3,9-TRTNtTft87ACyCL0HEX8NE  (80X1 

-.001  N-METHTt  FTMVl.FMF0THIT88HtNF 
.0(6  T8rrHi080ETM7t  7(261  TROFTMYl  6tTRI7TNe 
-.003  T87NI780ETHV(.  ftVlNOHETHYl  6T7886INE 
.091  8T3irLU080nTNTT80F7HVLt6t788NI6E 
.077  8t8(T8I6IY80F7HVLI  617R8616E  (6Y6E6I 

-.097  6-6EYHVt-6-Ht780-(TRt6T7R0F7HrLI C(82868TE 
.012  6tMP-nT6F7H7t-6,H7-DTNt780-OX(6I0E 
-.0(2  N-NI78(>-6-(TRTNIT8OETHYLIGl7CI6E86l0E 
.063  7Rf6t780E7H7t  NIT«870ETHVt  6t7R8HI6E 

.069  6-6rTRO-6-ITNfNITROeTHVL)ETHlNESUL706ANtOE 

.110  t«3,9,7-7eTR86t7R(78CVnL00eT(6r  IHNXI 

,037  3-KTTR82 8-1, 9-8767862016 tTRAHT6E 
.0  26  6,3,3,9,9-8E6786I7R0Pt8ERtni»'E 

.016  T8I6t780E7MYt  TRt61T»08ROPYL  6TTR8M1NF 
-.003  T«r6t7R0CTHVL  H-F7HVL-6-61780C8RB868TE 

.096  l,l,t-7R26tT80-6-6nR870-S-6m678H2xl6f 

.0(9  (2,2-OI6I7ROPROPYLI  61TR87oeTMYL  NI7R8NI6E 
-.007  TRINtYROETHYL  7-HCT60X7ETH7L  6T7R88INE 
.001  l,l<t-TRt6tTR0-3,6-0I6T7R828HE8T*HE 

.016  6, 6-0262780-2, 6-DINITR8Z8HC8786E 

.032  3,3-0T627R0-1,9-PC6786E  DT62TRA62NF 

.020  1,3-026278870-2, 6, 6, 8-7ETR8NT7R8Z8NC686E 

-.Oil  1-62780-2, 9-013 t7R162TROHETHVLIPVROlL10T6E 
.OK  7R262780F7HVt  6- l7RI6I780F7H7H627B8PrH08CET87E 
-.016  T82NI780ETM7L  6-62780-6- ( 78  262780880871,1  C88e868Te 

■.036  TR26I780F76VL  6-6278828PFMT88087f 

■.066  7RT6ITP0880871  (2,?-DlNI780PPOPYLI  HT7R86INE 

.037  T87N2780C7HVt  7,9-02H27R8Z8HFX8M08TE 

.036  7Rr6t730ETHVL  1 3, J-026T780BU7V11  NITRRHINE 
.030  61S(7,7-DtH2TROP808YL)617R86T6E 

.OSZ  1,7-D26E7H0XV-2,6,6-78Y627887(HEPT86E 

.030  3, 6-076278838-1, (-0078680162 7R8H2NE 

.0(0  6-6ETMVL-N,2, 6, 6-72788617808611162  ITEYRVt) 

.010  8IS(73t627ROE76yt»  2,6-nTNI788Z8PE6786Fn2087F 

-.OlO  7,7-0162780880871  9, 9,3-78tHlT8O-7-NlT88ZA8EN7(NO0TE 

.019  782N2T80F7MYU  9,9-D162780-7-61TR8Z8HEX8608TE 

'.Old  T8I62780F7MYt  9,9-DtN279D-3-M788Z86EXA6a87E 
.0(3  N-67T8a-6,68-B7S(7R2Nt780880PVllURfl 

.021  7876TTR0F76Yt  6,6-0261780-2, 6-D26MR8786E878608Te 

.0(1  N-l73262780CTHYU-6-N1780-6-M780eEN7CNESU(.F068H2De 

•Oil  et3l7R261780E7HTL)  S-RirRAZAPERYANEOiaAYE 


r- 


« 
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TABLE  1.  (continued) 


n.H-»M>O.X 

lit. 

NOj  # 

Nm’'*  Pu  AP 

ReeiBieBi 

.RB 

l.BB 

IP.l 

1.663  .aaa 

MRIZtPBI 

i.ta 

1.66 

IP.6 

i.Pia  >.163 

RtPMtPIB 

i.ez 

1.3a 

16. P 

1.611  ,116 

•lAwiiei 

I.RB 

1.61 

IS.B 

I.PIP  .IPl 

AtABAMBI 

I.ta 

i.aB 

16.1 

1.691  .116 

RUBAlfta 

t.RB 

1.6B 

16.6 

1.911  >.19P 

AtRiaiaaa 

I. BP 

.BR 

IP.B 

1.696  .P16 

Raeaeizaa 

i.za 

1.T8 

IB.R 

1,P6B  .ItP 

Riaiaiaaa 

i.tt 

1.66 

16  .9 

1.691  .169 

RtaiAtzaa 

i.ia 

l.Bf 

tP.B 

1.699  .IIP 

BiPieiAaa 

1.38 

l.BR 

IP.l 

l.PBB  >.101 

RiziEzaae 

I.BA 

1.66 

IP. 3 

1.611  .190 

RiPiPtaaa 

i.ae 

1.66 

IP. 3 

1.110  .069 

latfaataaa 

I.AB 

t.Bt 

16. B 

1.631  >.16P 

lattiatiaa 

I.RB 

l.BB 

16.6 

1.P31  >.119 

latztzzzaa 

l.PA 

t.3R 

IP.E 

l.PPB  >.116 

laiaaaieaa 

I. BP 

t.PR 

16. a 

1.630  .OPl 

laieaateaa 

I.BA 

!.«• 

16.9 

1.669  .099 

laiBtataaa 

l.EA 

1.93 

IP. 3 

t.PPl  .001 

iitEizf aae 

1.31 

1.66 

IP.l 

1.P66  -.ItP 

itittEtAaa 

I.ae 

1*66 

IP.l 

1.P63  •.111 

itiRiaieao 

i.ea 

1.66 

16.6 

i.poa  .IIP 

iitAtateaa 

l.BP 

1.66 

16.6 

1.6P6  .IPB 

lEtztaraao 

i.pa 

i.sa 

16. P 

1.690  >.019 

iPtetaraaa 

E.ia 

I.PR 

16.9 

l.PPO  .161 

iztfiAzaaa 

l.ER 

l.BB 

IP. a 

1.P60  .069 

tPtRiezAaa 

1.36 

1.6P 

IP. 3 

1.P60  -.019 

ixMiazaaa 

t.lA 

1.P6 

16. P 

1.660  .OPP 

tateiesaaa 

I.DB 

1.66 

IP.l 

1.P6P  -.top 

tBtAiAtraa 

t.ll 

1.86 

16.6 

1.P69  .113 

•TSKTRINtTMOPeOPYLt  N.NPonlNITROeXlllfOf 
etSITeiNtTeoCTHyL)  6-TRtNtTR*I<MEeTtNEDtO*Te 
E(E>niMtTR0PA0PVL  Rt*-*ntN(rRC>t*NIT*eZAMP)!*NO«TE 
e(R(2»E«efNITROBUTVL)NtrRaNtHC 

H(NR-OtNtrRO>NtNP-niSI3-NtTR«ZASUTVLIOXINIOe 
P,p>R,e>reTRtNtTRO-etr-OINTTR*Z«OEC<NC 
PlS(«-«HINO'>E,P-DINITROBUm>Ntni«MINe  OTNirRATE  ISALTI 
t»3«S-TRISIMCTMyLNITRANtN0l-E«A«6*TRINrr*0BENZENC 
N,HP*nrNITRO  NFTHyLEKE  BISfR tAiR'TRINITROBUTVRAHIOn 

BIS(S|*l,B-TRTNITRe-3-NirRAZRPENrAN0VL>NFTHyLFNE0INrTRAHINE 
RETHvtFNe  BISIB,S,«-TRtNlTRO*3>HTTeAZAPPNTANOAHtnEt 
llt»l«et6tittll»il>0CTANTTR0>3te>0INtTRAZAUN0PCANE 
I,t,lteieitt,tt,tt-0CTAN1TR0><)|B>0TNITRAZAUN0ECAMC 
eiS(TRlNtrROCTHyL)  A'NtTRAZAHEPTANEOIOATE 

BTSITRINITROFTHyU  3|e*DTNTTRAZA0CTANE0t0ATE 
BTSfretUtTROCrHyLt  2»B|R>TRTNtTRAZAN0NANC0t0AfE 
N,MP>DINITRn-N,NP-et5l3»3>n;NtTROBUTyLIOXANIOE 
«,A,«,«<-TErRANITRO-l|ll«ntNITRATO>e«NtTRAZAUNOECANF 
t<tttitRtiAflA*HEXAN  nR0>3,e«4|tE-TETRANITRAZATETRABeCANE 

PtP-nrNTTROPROPAKCDIOl  BtS(5,»,*l-yBlNtTR0-Z“MITRAZAPEtiTAH0ATCI 
BISirRtNITROFTHrit  B ,«*erNITR0>E t •'CINTTRAZANeNANE Dt BATE 
Z»Pt7tT,tE«lZ*HeXANTTR0»etll*'DINITRAZATRtDECANE 
E,P,r,7,lZ,lt-HEXANtTR0>S»4-DTNTTRAZArRt0ECANE 
l,A-Bttt*,«,B-T»IHrT»0-Z-NITRAZAPERTAN0ATE»-E-0UTyNE 

BTSlTRfNtTROFTHVtl  A,7>DINtrRAZADECINEetOATE 
BIStTRINITROETMyLt  Z,B>a, ll-TETRANITRAZAnOnECANEDIOATE 
tyt,t,A,6,te,iB(t9«l<tl9*nPCANTTR0>3,B,13>TRtNtTRAZAPENTADFeANE 
Z«P>niNrTROPROPANEDIOL  BIXIB«9>OtNtTRO*Z-NtrRAZAHEX ANOATEI 
BIRtTRINtTROETNyil  B ,9, «,e-TEyRANlTRO>Z»r , 1 E'TRINITRAZATRtOECANEOIOATE 

lt3.B-TRIBIt-OXO-B|B|B-rRlNtTRO-3'‘NITRRZAPENTyLI-S>TRIAZACyCLOMeXANE 


•|.S.-l09,o  *’80 

NO,#  -  MOLAR  NUMBER  OF  NITRO  GROUPS  PER  lOOg  OF  EXPLOSIVE 

NM^'*  -  SEE  TEXT 

Po  -  CRYSTAL  DENSITY,  B/cm^ 

AP  -  DENSITY  DIFFERENCE  (OBSERVED-CALCULATED),  SEE  TEXT 
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TABLE  2.  LIST  OF  NITROAROMATIC  COMPOUNDS' 


I.S.  NOjI  Nm’'*  Po  AP 

ASSMimS  2.14  1.14  lA.S  t.trt  -.a«5  4-HFTHTL-l|«>nfNITI>0TRIit20LE 

atMEiasa  t.4s  i.?2  t«.a  i.^ag  >.124  2,4-oiNiTRnFui>*N 

ItSkMItK  t.<l4  1.24  1S.4  1.74?  .(U  4-(2-NIT40FTHVlt-I,t-DINtrt0TRnZ0LC 

4|F04l7|t  1.3%  1.31  14.3  |.37t  .011  2,%,6-TR INITROPVRt CTNE-N-OXt DF 

0i00031»a3  l.<%2  1.17  13.0  2.000  .007  lt^t«'TfftFLUOPO->2,%|6-TRINtTI>oeENZENe 

401030002  1.40  1.20  10.0  1.000  .000  1 t3-OTFLUO0O-?» 0 •(•TPINTTROBENZENE 

002000002  t.33  1.10  15.1  1.520  .051  2.0. 0-TRt‘UrRn'3,5-DtFLUOIiO0NfLINE 

002001000  1.10  1.57  15.5  1.700  -.135  FrNTRNtrROlNTLTNE 
003130000  2.00  1.01  13.5  1.000  -.035  1 •3.5-TRINTT50BrN7eNE 

003030700  1.50  1.31  10.0  1.703  -.005  2.0.0-TRtNtTRORHENOL 

003030000  1.05  1.27  10.5  1.075  .010  STVRHNtC  0Ctn 

003050000  1.01  1.W0  15.3  1.070  .070  2«3,0,0-TETR0NTTRO0NUlNE 

000000000  2.75  1.32  10.0  1.702  .010  2.0|  0-TRtNITRO0Nri  3NE 

000050001  2.30  1.15  15.2  1.500  .11%  2,0.0-TRfNirRO-3.5-nT0HtNOPLUOROBEN7ENE 

000000000  1.00  1.35  15.0  1.000  .020  l,3.0,5-rETR0NTTRO-7|0-Ot*HtNOBEHZEKE 

005  05  000  0  2.51  1.23  10.0  1.03  7  .  0  70  lt3-Ot0Hti|O-2.0,0-TRINITRO8ENZENE  IO0TBI 

005050700  2.00  1.10  15.2  1.565  .155  3.5-nf«MTN0  PtCRIC  »CTn 

0O0M00OB  2.51  1.10  15.7  1.500  .150  t,3,5-TRt0ntNO-2,0 .0-TRIN'/TROBENZENE  1T0TBI 

702000000  2.15  1.20  13.0  1.710  -.000  Z.O.B-TRINtTRORFNZONtTPtLC 

70205  1  001  1.20  1.05  15.5  1.070  .  005  2»0t0-TRINirROFLUOROOINtTROHETHn.aENZENE 

700000700  1,02  1.17  10.2  1.710  .020  2t0. 0-TR IMTrROBEMZOLOOFIHE 

705010000  2.02  1.57  13.5  1.610  -.023  l-(0tNtTR0METHn»-3-NITR0BENZFNE 

705030000  2.20  1.32  13.5  1.05%  .021  2t0t0-rRtNirROrOLUENE  (TNTI 

705030700  2.70  1.23  10.0  1.050  .013  3-HETHYL-2t0.0-TRtNtTROPHFNOt 

000001210  1.11  1.00  15.5  1.030  .023  TRINITROeTHyL-7>0.6-TRtNtTRO6ENZENE 

005030010  1.51  1.25  12.0  1.007  -.000  2.0t0-rRINITROSTyREHE 

007051011  2.27  1.10  13.0  1.700  -.0.37  N-IT5INtT»OETHyLI-H-NITROBEN?FNESULFON0HTDC 
007051011  1,51  1.10  13.0  1,750  .053  N-ITRINiyRnCTHVL>-P-NITROSFNZENFSULFON0MlDE 

50  0  00  1  010  1..30  1.03  1  5  .5  1.0  0  0  -,0  13  TRIHtTROFyHyi  2,0,0-TRTNTT5orFNZO0VE 

505001011  2.02  1.15  10.0  1.700  .053  FLOOROntHtTROFTHVL  3 ,5-0INITi:0BFNZ0»TE 

505051701  1.00  1.33  15.0  1.000  -.007  TRtHTTROFTHYl  3 .O-niNITROBFNZOATE 

5a5O5l3(,0  1,05  1.^0  15, j  i.00(  -,135  TRINTlROFTHyL  3, 5-OI0ITROS*L  ICytlTE 

505071000  1.50  1.1*  10,2  1,750  .030  0-17, 0-OINITRnBENZVL»-3,5-OtNtTRO-l ,2,0- TRIBZOtE 

500000010  7.51  1.02  13.3  1.500  -,S50  0-(P-NITROBFNZyLI -3, 5-ntNirPO-l, 2, 0-TRIOZOLE 

500001200  1.32  1,50  15.2  1.700  -.003  l-(TRINITROPROPVl>-2,0,0-TR10ITROOENZENr 

507051001  1.05  1.05  10.0  1.050  -.025  l-lTRTNrTROP0OPVt»-2,0-OtMTT7OBENZERB 

IOO0O01OOO  2.00  1,30  12.5  1.000  .007  1 ,0,5, O-TETRONITRONOPHTHOLFNE  CTNN) 

1007051210  2.33  1.20  10.7  1.000  -.050  2,7-nTMITROPROPYL  7,0,0-TRrNlTROBEHZO0TF 

1700001211  1,53  t.Wl  13.7  1.70C  ,000  7,7P,0,0P,0,6P-HE30NtTRO8TPHFNyL 

120  0  001010  1,00  1.17  10,2  1.020  -.000  3,3P-0fHy0R03y-2, 27,  0, 0P, 0, 0P-HEXINITROBIPHENVL 

170  0  00  1001  1.53  1,03  1  2.5  1.00  0  .  0  05  TOCOT 

1705171210  1.00  1.37  10.0  1.700  .101  B25f 2,0.0-TRtNtyROPHFNyLI  OHTHE 

1700  001211  1.17  1.32  10.7  1.750  -.005  S,3P-niONrNO-2, 27,0,07,0,6P-HEXONITROBIPHENyL  lOtPOHt 
1355051101  1,23  1.23  13.1  1,701  ,035  2,7P,0,0P,5-7r»»7OtltTRO2FMZOP»'ENOMl  I7ENROI 

1000101311  1.30  1,22  13.0  1.770  -.005  2,5-ni7tRRVL-t,  3,0-OX«DI*2OlE 

1000101211  1.55  1.33  13.2  1.701  .130  2,7P,0,0P,0,0P-HEXONITRO5TTL|FNE  IHNSI 
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tMAMlttl 

IMANtlH 

IMtmitAM 

ntaittMi 

raaaiatM* 


TABLE  2.  (continued) 


IJ. 

N02« 

,^1/2 

Pa 

AP 

I.np 

1« 

tl.t 

.711 

>.••1 

77 

17.4 

.741 

0.444 

t.7« 

t« 

11.4 

.7«1 

.447 

1*74 

7* 

11.4 

.741 

.447 

t*78 

14 

11.7 

.711 

.447 

1.74 

7? 

17.1 

.774 

-.117 

t.ee 

11.7 

.711 

-.411 

I.RI 

74 

13.7 

.Ml 

.449 

1.41 

14 

11.7 

i.77« 

-.419 

1.77 

14 

tl.t 

1 

.744 

.414 

I.et 

74 

11.4 

1 

.774 

-.474 

1.41 

47 

11.4 

1 

.441 

-.147 

t.M 

17 

11.1 

1 

.714 

-.447 

rt««otnieeviTHiR»Le 

«,«*nTPICRrL>3>NtTeOTHtOeMPNE 

*,e»eiep,fpp,epPt»pp-MtPT»MiTi»o-rp,iP-oi»i»-H-Te«PieMVt 

»,fc,*,8P,«PP,ePPt»PP-MEPT»NIT»0-eP*ei*-0t»I*-N-TeW*l€MVt 

t ,»-OtPICHVtTHtOPHtMe 
f,e-BtPrmir«p*N 

t,PP,fPP*»,eP«ePP»6*»P»*PP-*»0»4»MTT»0-H-TrPPMPNtt  IMON*! 

r iEPPi %*  ep»  epp i e*  ep*  epp»oct«  Pt  T*o«M«TeRPHeNVL 
p.pptfpp»e,epp**p»6»epp»ocT»HTT»o-p-Te«PHEMyt 

«,?P,PPP,e,4PPt*.*P»4PP-0CTIMITR0-P-TeRPMmL 
TRtPtCPVl-S-TKT  etCHr 

oonPCtNTTROQUitreRPHENVL  (oonrcei 

«io  attKEtEPtetePtefeP'HExPNiTPoatPHENvL)  uapi 


•SEE  FOOTNOTE  TO  TABLE  1 
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TABLE  3.  LIST  OF  NITROALIPHATIC  COMPOUNDS* 


fl-M-M-O-'l  IJ.  NOjI  Nm’'*  Po  AP 


1.73 

1.07 

17.0 

t.677  «.107 

1 • 1 , l-TOlMlTOOf THOMO 

KMIkluat 

1.76 

1.36 

17.7 

1.707  -.077 

TRlNiroOrTHVL  COKROnOTF 

1.07 

1.70 

17.7 

1.700  .071 

1 , 1 1 1  *  3- TCTOOH tr»07*07*HF 

aokaaiNot 

1.48 

1.16 

10.7 

1.760  -.076 

N-lTOlHITRQCTHVLlNFTHONFSULPONOHIOr 

ksaattiai 

4.36 

1.67 

16.1 

1.001  -.039 

OIOtTOtNTTOOFTHFLl  SULFITF 

<ia««rM«a 

.07 

1.67 

17.7 

1*006  .010 

NtN-lltOtTRINlT»OFTHVL)HVDROV3LONtNF 

aaKaaaraa 

4;68 

1.39 

16.0 

1.706  .070 

TRINITROeUTVAONTCF 

itafteaa^ea 

4.66 

1.76 

17,1 

1.600  -.030 

HFTHVL  N-lTRtNlTROFTHVLI  CARIOOHOTF 

«oaaaaaat 

4.70 

1.10 

19.3 

1.710  .070 

N-(TIITNtTftOETHrL>eTHONC9ULFONOHTae 

aa«wt<iaa 

4.78 

1.00 

17.7 

1.000  .019 

eiSirRTNITROFTHVLICOROONOTF  IBTMFC) 

laaaataaa 

.06 

1.90 

17.3 

1.090  -.067 

N,N7-9r3(T«TNtTOOOCeTVL>HeTH6LFNeOIOHINF 

<fa<(ariitaa 

4.70 

1.04 

17,6 

l.OOO  .066 

l»l»l,3,9,9,9-MrPT»HIT707EMTONr 

naftoauaa 

4.73 

1.60 

17,0 

1.770  -.007 

eniTRINITFOETHOXVINETHONF 

aaaavaTaa 

a. 08 

1.77 

16.7 

1.669  -.170 

M-lf-F»OPrLI TRf MtTROOCFTOMtOE 

Maaaiaaa 

.68 

i.ro 

16.6 

1.736  -.013 

ttt>l,e,6t6-MEK0NtTI»O-3-HeXV6F 

Aaaaeteaa 

1.10 

1.66 

17.0 

1.030  -.071 

BtOITBlHmOFTHytl  OXOtOTF 

aaaaaiaat 

1.70 

1.30 

16.0 

1.731  -.079 

FlUOROOINtTROFTHYL  TRlNtTROBUTrilOTE 

«a«a«ttat 

1.11 

1.30 

16.0 

1.770  -.830 

TBlNtTOOFTHYt  FLUOFOOlMlTBOBOmOTE 

aaaaattaa 

4.73 

4.60 

16.0 

1.776  .070 

l,ttt(6t6,6-HFXtNtTB0-3-HEXFNE 

MKeaiaaa 

1.76 

1.90 

17.1 

1.703  .003 

IBTMTTOOCTMVl  6f6,6-TRIHI.T*OOUTOMOOTE  (TNETBI 

ftaKaataaa 

1.11 

1.69 

17.7 

1.790  -.073 

etSITBINTTBOETNrLlOXOHIOE 

naao^aaat 

1*10 

1.93 

16.6 

1.736  -.000 

TRI* (T7IMlT70CTHrL  f  PHOSPHOTF 

Aarriisaa 

1.10 

1.60 

17.0 

1.670  -  .116 

TRTNTTOOFTHn  EiE-UlNlTROPPOFYL  COROONOTF 

Mran^aa 

1.76 

1.96 

17.1 

1.796  -.017 

N-«TRT«ITOOrTMVH-6|6,6-TRINlTR08UTVR0Rl0E 

aarmttiaa 

1.38 

1.68 

17.6 

1.060  *016 

1 ,9-BTSITRlHITR0ETMyi»  BXURFT 

«aaMi«ai 

1.76 

1.63 

10.0 

1.701  .070 

BTSlTRlNlTROPROPYtl  SULFOMF 

^taaiiaraa 

7.011 

4.70 

19.6 

1.667  -.077 

N-lT-BUTVLl  TPrUlTROOCETOHinF 

7ara«i}iaa 

.63 

1.63 

17.6 

1.000  -.091 

TRrSlTRIHITROETHVtl  ORTHOFOPPOTE 

raaaftnaa 

1.03 

1.96 

16.6 

1.707  .009 

l,l,l,7,7,7-HFX7HITRO-6-HEP70M0MF 

riaaaiaaa 

1.76 

1.63 

16.0 

1.013  .076 

H-«TRIHITROFTMYtl-3,3f9,9-TClROMITBOFIPFR10rME 

7170111600 

1.03 

1.30 

17.7 

1.606  -.007 

NETHVLCNE  BISfTRINtTROFTHVL  CORBAHOTEI 

7aia6iaa8 

7.10 

1.61 

16.6 

1.600  .076 

7,»-ntHtTR0PIK)PYt  TRIMITROBUTY70TE 

7oq(Kt;afl 

1.00 

1.61 

16.6 

1.600  -.096 

TRINtTROETHVL  6,6-OINlTROV»lEROTC 

7taaoi3aa 

1.37 

1.60 

16.0 

1.710  ,006 

BtSITRtNITRCPOOPYLIUPE* 

7taooiiaa 

1.70 

1.69 

16.0 

1.061  -.191 

BIO  1 1 . 1 f l-TRINtTRO-7-7POPYl 1 UREO 

*06  061680 

1.10 

1.36 

16.0 

1.777  -.060 

"TOirRIMTTROETHVtl  FUMOOOTF 

007067780 

.70 

1  .00 

17.7 

1.700  -.060 

TRIMITOOFTMYL  PlYITRINITROrTPOXY) ACETOTF 

oAoniiOoot 

7.00 

.06 

13.0 

1.660  -.076 

N-lTOTHITROFTMVtlRFN7rNfSULFOM»(1lOB 

0a*06|O0A 

4.60 

1.68 

16.0 

1.770  .007 

TPIMITPOOIJTVRin  OHHYORinF 

0^.  -ooioao 

1.66 

1.30 

16.6 

1,607  -.007 

eiSITPlMlYPOFTHTlI  OUTniNOTF 

mo^ioao 

1.60 

1.36 

16.6 

1.607  -.010 

H,NP-RTSITPIMI?*0PP0PYL10X»HTnr 

OlAOfiOOO 

1.66 

1  .00 

16.6 

1.703  -.030 

H*(TRINITROPPOPVl.l-3,3,9,9-TFTP»MITOOPrPFRI«lII»E 

oti  1711700 

7.00 

1.30 

16.1 

1.600  .070 

7,7-niNtTRnOOTVt  6,6|O-TRINrTP0BUr*l«0«TF 

oitaotaoo 

7.16 

4.-39 

16.1 

1.000  .090 

TPTRITOOFTMVt  6,  O-ltlNI  TROMFXOMOOTF 

O070»a008 

1.30 

1.00 

13.0 

l.Opii  -.030 

TRIMIT90FTM71  OOtirVLOTr 

08*177088 

1.30 

1.66 

17.3 

1.060  -.039 

TRINTTPOFTMYl  ORTHOrORRONOTF  ITNrOCI 
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TABLE  3.  (continued) 


«-M-H-0-X 

1*. 

NOjI 

nm’'*  Po 

AP 

t.ae 

I.aa 

IS.* 

1.6IT 

•.as7 

Rtsii«aRBt 

l.tt 

.«!« 

13. r 

t.6E6 

.aaa 

RIRBRIFBB 

1.37 

t.E« 

la.T 

t«a6e 

.177 

RtFBRlAia 

t.aa 

i.az 

U.3 

i.aaa 

.0E5 

RtRiRteeo 

t.lB 

i.ec 

IT.l 

t.aai 

*1X6 

ItRRtBttt* 

I.K 

i.a* 

iB.a 

1.76a 

•.116 

latBiBERaa 

t.aa 

t.Bl 

tr.a 

i.R3a 

-.667 

tattaaieaa 

<.a* 

1.7T 

IR.l 

t.63a 

-.aiB 

latAaaiBae 

i.aa 

I.aa 

16. z 

t.BEB 

-.BOB 

taiAa*iBa* 

i.aa 

l.te 

IB.a 

1.576 

-.07a 

taiAieteaa 

i.ia 

t.ni 

16.6 

1.663 

-.086 

iiiEaRfaaa 

i.ra 

t.aa 

16. a 

t.aaa 

-.016 

ittFaafBaa 

I.RS 

!.«• 

i6.a 

i.Tia 

.aiB 

iF*Re»t*aa 

t.aa 

t.EE 

ta.o 

1.616 

-.067 

iFtFa«iRaa 

l.RI 

t.Rl 

ia.3 

i.6aa 

.067 

iFiRtriRte 

1.30 

t.ae 

i6.a 

1.667 

-.007 

uneRfiaa 

1.?0 

I.aa 

la.a 

l.6?( 

-.tta 

leintFRRaa 

I.Rt 

t.aa 

16.6 

1.761 

.033 

miHiTWfTHVt  encNYL  unit* 

N- 1 rntnt  Tune  thvl i>n-TOL  ucMrsuLnoNANToe 
nrNr*r«VTHIITTOLTRTNTT**TF  rRINTTnOBUTVRATe 
NrtHVLENC  BISITRINTTROBUTyilAXIOEl 

l»S(e>VRIS{r*TNrTROETHVLI>t>3,S>TII1l2«CYeLOHEX*NC 
BTStTRTNtrtOFTMVlLl  E-ITRTNTTIIOFrHVLIBUUMEOtOtre 
t»t»E«F«TCTR«KrSITntNITtoerHOXVIETH»NE 
ETHTlfNE  BISITRtNtTROSUrmTF)  INFNII 
N|N«B tS  (  E»  E-OtN  f TR OMOnvLI  T  RIHt TROBUTVtAMXOE 

flUTRN'ltA'OIOl  BIS(AtA«l>>TI»IHTTRO>|>«ZlllUT*NO«TeT 
tt3-«TS|TRTNITftORRORVLI>S»R-riNfTROHEX*HVD*0-t»S-Ot«EINE 
EtF>nTNTTR0RB0l>VLEME6LVC0l  RlSfTRIHITROBUTVRRTBI 
BrSITRtNTTRnETHVll  R,*>DINrT«8HERT«MEOtn*TE 
BISITRINITROErNTLIPHTHHATE 

BUrVNFmOL  BIStTRINTTROBUTTRITEI 
t*3tR>TniSlT«IHtTROPRORVll-l »3t9>TRI*Z*CrCL0HEX«NF 
TtrSITRINTTROrTHTLl  0RTH0BFN7OXTF 

BTSlTRlNTrPflFTHVLI  <i> t,  e,6f  B  ,B-Hrx*NITROUHnCC*NEniOaTF 


•SEE  FOOTNOTE  TO  TABLE  1 
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Following  Kamlet's  argumencs  2,3,  impact  sensitivities  are  plotted  as 
logi^o(50X  height).  Crystal  densities  were  determined  by  flotation  or  X'-ray 
diffraction.  N  and  M  were  calculated  according  to  Kamlet^,  using  the  CO2 
arbitrary  as  the  basis  for  determining  the  detonation  stoichiometry,  except  that 
HF  was  added  as  the  first  product  in  C,  H,  N,  0,  F  compounds,  and  that  N  as  used 
herein  represents  the  number  of  moles  of  gas  per  lOOg  of  explosive. 

COMPUTATIONAL  TECHNIQUES 

All  calculations,  data  handling  and  plotting  for  this  study  were  performed 
with  the  CDC  6500  at  the  Naval  Surface  Weapons  Center,  White  Oak,  using  an 
expanded  version  of  the  code,  DENSTY,  used  to  develop  our  method  of  "normal" 
density  estimation^.  This  code  produces  and  uses  a  data  base  consisting  of 
packed,  variable  length  compound  records  containing  the  number  of  words  in  the 
record,  a  reference  number,  sort  code,  the  density,  melting  point,  impact 
sensitivity  (stored  as  logj^Q  501!  height),  class  designation,  molecular 
contents  (atom  types  and  number  of  nitro  groups),  and  text  (name  of  the 
compound).  For  this  study,  the  class  designations  used  were  nitramines, 
aromatics  and  aliphatics.  Between  runs,  the  data  base  was  stored  on  magnetic 
tape  as  a  file  containitig  1000  word  physical  records. 

As  this  data  base  file  is  read  by  DENSTY,  the  calculated  "normal"  density, 
number  of  nitro  groups  per  lOOg  (NO2#),  moles  of  detonation  gas  per  lOOg  (N), 
and  NM^/^  where  M  is  the  average  molecular  weight  of  product  gases  are 
calculated  for  each  compound  and  stored  in  the  computer  memory  along  with  the 
data  from  the  file.  The  density  is  calculated  as  previously  described^. 

The  PLOTR  subroutine  of  the  DENSTY  code  can  be  called  to  plot  (using  the 
line  printer)  any  two  of  these  quantities  stored  in  the  computer  core  (Fig. 
1-18).  In  these  plots  a  letter  denotes  a  single  data  point*,  a  0  indicates 
multiple  points.  In  like  manner,  subroutine  TRENDR  can  be  called  to  calculate  a 
two  parameter,  slope-intercept  least-squares  line  between  any  two  quantities. 
Weighting  schemes  can  be  applied  to  the  data  for  determination  of  these  line 
parameters;  and  the  lines  can  be  included  in  subsequent  plots  as  shown  in  Fig. 
1-18.  TRENDR  also  calculates  two  types  of  correlation  coefficients  between  the 
unweighted  data  as  given  in  Table  4.  The  "least-squares"  correlation 
coefficient  is  calculated  with  the  following  foimula: 


n  SXiYi  -  SXi  SYi 

LSCC  «  .1—  ......  .  I—  —  .  ■■■■■  Ml..,,—  — .1. 

y  2  2  7  2  2 

nZXi  -  (rXi)  /nZYi  -  (STj) 


^See  Reference  2  on  page  2  • 

^See  Reference  3  on  page  2  > 

5see  Reference  5  on  page  2  • 

Scichra,  D.  A.,  Holden,  J.  R. ,  and  Dickinson,  C.,  NSWC  TR  79-273,  Feb  1980. 
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wher«  n  is  the  number  of  compounds  end  X£  end  Yj^  ere  the  velues  of  the 
designated  quantities  for  (compound)  i.  Possible  values  of  LSCC  range  from 
'fl.OOO  for  a  perfect  direct  linear  correlation  down  to  -1.000  for  a  perfect 
inverse  linear  correlation.  A  value  of  0.000  means  no  correlation  -  perfectly 
random  velues. 

The  "rank  difference"  correlation  coefficient  does  not  depend  upon  a  linear 
relationshipt  but  measures  the  extent  to  which  one  quantity  increases  or 
decreases  as  the  second  specified  quantity  increases.  It  is  given  by  the 
following  formula: 


6  SCRi  -  Si)2 

RDCC  •  1  -  . . . . . . . 

n  (n2  -  1) 

where  n  is  the  number  of  compounds  and  Rjj^  and  are  sorted  list  locations 
of  the  two  designated  quantities  for  compound  i  -  that  is,  1  for  the  largest 
value  down  to  n  for  the  smallest  value  of  the  quantity.  Values  of  RDCC  range 
from  -t-l.OOO  if  the  sort  orders  of  the  two  quantities  are  identical  down  to 
-1.000  if  the  sort  orders  are  exactly  reversed  -  the  compound  with  the  largest 
value  of  the  first  quantity  has  the  smallest  value  of  the  second  quantity,  etc.. 

Another  subroutine  of  the  expanded  DENSTY  code,  LSTSQR,  can  be  called  to 
perform  a  multiparameter  least-squares  fit  to  an  equation  of  the  following  type: 

Y  «  CiXi  +  C2X2  +  C3X3  . 

where  Y,  X^,  X2....  are  measured  or  calculated  quanitities  stored  in  the 
computer  core  associated  with  each  compound  of  the  data  base.  One  of  the  X 
quantities  can  be  specified  as  unity  so  that  the  relation  is  of  the  following 
type: 


Y  •  Cl  +  C2X2  +  >3X3  +  . 

This  option  was  used  to  determine  the  coefficients  of  the  multiparameter 
equations  relating  logioh5o  to  NO2#,  NM^/2  given  later  in  this 

report  (p. 13, 14, 15) .  A  calculated  value  of  Y  (in  this  case,  logioh3o) 
determined  with  the  derived  values  of  Ci,  C2,  etc.  is  stored  in  the  computer 
core  for  each  compound.  These  calculated  values  of  logiQh3o  were  then 
compared  to  the  measured  values  by  subroutine  TRENDR  to  determine  the 
correlation  coefficients  given  for  each  relationship. 
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RESULTS  AND  DISCUSSION 


The  first:  correlaCions  investigated  were  between  impact  sensitivity  (as 
logio  h5o}  and  N,  the  number  of  moles  of  detonation  gas  per  lOOg  of 
explosive  as  calculated  by  the  CO2  arbitrary.  These  plots  showed  very  low 
least  squares  correlation  coefficients  (0.26  for  the  nitramines,  0.05  for  the 
nrtroaromatics I  and  0.19  for  the  nitroaliphatic  compounds) •  indicating  complete 
lack  of  correlation  between  these  two  parameters.  It  was  tempting  to  conclude 
from  this  observation  that  optimization  of  N  might  be  a  mechanism  for  increasing 
performance  but  not  sensitivity,  until  it  was  realized  that  N  is  not  an 
independent  variable  because  in  a  system  restricted  to  C,  H,  N,  0,  F  it  is 
coupled  to  M  via  the  CO2  arbitrary. 

Kamlet  has  shown  that,  for  C,  H,  N,  0,  F  compounds,  detonation  pressure, 
detonation  velocity,  cylinder  wall  energies  and  velocities,  and  a  number  of 
other  explosive  effects^  are  a  function  of  the  parameter  M  which  is  defined  by 
the  expression *  NM^/2q1/2,  This  appears  to  be  the  only  instance  where  a 
direct  and  quantitative  relationship  has  been  established  between  the  amount  and 
character  of  the  detonation  gas  and  explosive  performance.  Therefore,  the 
quantity,  NM*/*,  appeared  to  be  the  most  reasonable  function  with  which  to 
study  the  relationships  between  detonation  gas  and  other  explosive  phenomena. 

Our  next  series  of  plots  were,  therefore,  of  impact  sensitivity  vs. 

These  plots  are  shown  in  Fig.  1-3.  In  interpreting  these  and  the  other  impact 
sensitivity  plots,  the  statement  made  about  the  consistancy  of  the  data  should 
be  noted.  Second,  since  impact  sensitivity  depends  on  many  other  parameters, 
only  broad  trends  can  reasonably  be  expected  in  single  parameter  correlations 
unless  this  parameter  is  dominant.  The  initial  objective  here  was  not  to  obtain 
an  optimized  multiparameter  description  of  impact  sensitivity  but  rather  to 
discern  effects  of  single  molecular  properties  on  it.  Thirdly,  since  impact 
sensitivity  is  a  strong  function  of  oxygen  balance,  it  was  important  to 
determine  the  relationship,  if  any,  between  NM^/^  and  oxygen  balance.  For  the 
sake  of  convenience,  we  have  used  the  molar  number  of  nitro  groups  per  lOOg  of 
explosive  (NO2#)*  as  an  approximate  measure  of  oxygen  balance,  and  the 
dependence  of  impact  sensitivity  on  this  parameter  for  the  three  classes  of 
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See  Reference  4  on  page 
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*N02# 


^  of  Nitro  groups  per  molecule  x  100 
molecular  weight 
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nitro  compounds  studied  here  is  shovm  in  Figures  4-6.  It  is  seen  that  the 
relationship  is  qualtatively  identical  to  that  found  by  Kamlet  for  impact 
sensitivity  and  oxygen  balance:  in  each  case,  the  ^og^h..  decreases 
linearly  with  increasing  N02#i  with  almost  identical  lease  squares  correlation 
coefficients  (Table  4).  The  plots  of  yg,  n02#  an  shown  in 

Figures  7-9. 

Comjparison  of  Figures  1-3  with  Figures  7-9  shows  a  parallel  between  the 

1.5. /NM^/*  and  plots:  if  there  is  a  trend  in  the  vs. 

NO2#  plot)  there  is  also  one  in  the  I.S.  vs.  plot.  This  is  clearly 

the  case  for  the  nitroaliphatics;  a  lesser  trend  is  noted  in  both  plots  for  the 
nitramines,  and  no  trend  is  apparent  in  either  plot  for  the  aromatic  compounds. 
This  visually  detectable  parallel  is  also  apparent  in  the  least  squares 
correlation  coefficients  (Table  4),  which  increase  in  the  order, 
aromatics  <  nitramines  <  nitroaliphatics  for  both  series  of  plots.  We  interpret 
these  two  sets  of  plots  and  the  correspondence  in  correlation  coefficients  to 
mean  that  proportionality  between  I.S.  and  NM^/2  observed  only  when  NM^/2 
is  a  function  of  NO2#,  and  that  this  proportionality  is  basically  one  between 

1.5.  and  NO2#.  In  other  words,  if  Nm'/2  could  be  varied  with  no  change  of 
NO2#,  there  would  be  no  effect  on  impact  sensitivity.  Whether  this  finding 
has  utility  in  the  design  of  new  IHPE  molecules  has  not  yet  been  ascertained. 

The  above  conclusion  is  substantiated  by  the  results  of  simultaneous 
2-parameter  least  squares  fits  of  impact  sensitivity  to  HO2#  and  for 

the  three  classes  of  compounds.  The  equations  and  coefficients  are  as  follows: 

Nitramines 

10810^50  “  4.512  -  1.224(N02^)  -  0.085(Nm1/2) 
correlation  coefficient  0.67 

Aromatics 

10810^50  “  3*764  -  1.739(N02#)  +  0.021(NM1/2) 
correlation  coefficient  0.62 

Aliphatics 

Io8ioh50  •  ^*636  -  0.809(N02#)  -  0.123(Nm1/2) 
correlation  coefficient  0.68 

Note  that  the  correlation  coefficients  are  not  significantly  higher  than  those 
listed  in  Table  4  for  the  plots  of  I.S.  against  NO2#  alone  (0.65,  0.62,  and 
0.65).  Therefore,  treating  NM^'^  as  an  additional  "independent"  variable  does 
not  affect  the  observed  relationship  between  I.S.  and  N02i^. 
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Th«  next  sett  of  plots  shown  in  Figures  10>12  end  13-15  are  the 
corresponding  correlations  of  impact  sensitivity  with  Pg,  and  of  Pg  with 
N02#«  Again,  as  in  the  case  of  the  plots,  there  is  a  parallel  between 

the  two  series;  i>e.  significant  correlation  for  the  nitramines  and 
nitroaliphatics  but  no  correlation  for  the  nitroaromatics.  Again,  this  visual 
analysis  is  confirmed  by  the  least  squares  correlation  coefficients  (Table  4). 
Using  an  analogous  interpretation,  one  concludes  that  impact  sensitivity  is  only 
a  function  of  Pg  to  the  extent  that  Pg  is  dependent  on  the  NO2  content  of 
the  molecule <  However,  the  results  from  2-parameter  least  squares  fits  of 
impact  sensitivity  to  NO2#  and  Pg  are  not  as  clear  in  their  implications: 

Nitramines 

loglQhso  ■  5.855  -  0.916(N02#)  -  1.853(Pg) 


correlation  coefficient  0.79 


Aromatics 


logiQhso  -  4.403  -  1.704(N02fi»)  -  0.222(Po) 


correlation  coefficient  0.62 


Aliphatics 


10810^50  *  5.480  -  0.86l(N02yA)  -  1.624(Po) 
correlation  coefficient  0.74 

Adding  Pg  as  a  second  "independent"  variable  has  no  effect  on  the  correlation 
coefficient  between  I.S.  and  ti02#  for  the  aromatic  compounds.  However,  this 
action  increases  the  correlation  coefficient  for  the  nitramines  from  0.65  to 
0.79  and  nitroaliphatics  from  0.65  to  0.74. 

Whether  this  increase  is  significant  is  not  clear,  but  greater  caution  is 
required  in  the  interpretation  of  the  I.S.  vs  Pg  plots  than  for  the  I.S.  vs 
NM^/2  correlations.  Certainly,  among  the  aromatic  compounds,  no  sensitivity 
penalty  is  to  be  expected  when  performance  is  maximized  by  choosing  the  densest 
compound  at  any  selected  nitro  group  content.  For  the  other  classes  of 
compounds,  Figures  10  and  12  indicate  that  I.S.  is,  at  worst,  a  linear  function 
of  Pg.  When  performance  parameters  are  functions  of  a  higher  power  of  Pg, 
as  is  the  case  in  metal  acceleration,  high  density  compounds  will  permit 
favorable  performance  sensitivity  trade-offs  in  these  classes  as  well. 

Holden®  has  recently  developed  an  empirical  method  for  the  calculation  of 
crystal  densities  of  nitro  compounds  from  chemical  composition  and  bonding 
environments  of  the  constituent  atoms.  This  method,  because  it  rests  on  a  large 


see  Reference  8  on  page 


data  base,  parmits  a  meaningful  Identification  of  compounds  with  "exceptional 
insities",  i«e>,  densities  that  are  larger  or  smaller  than  the  norm  for  a  given 
emical  composition  and  molecular  structure.  It  was  of  interest  in  the  present 
4:ontext  to  examine  the  relationship  between  impact  sensitivity  and  AP,  the 
difference  between  observed  and  ralculated  density.  These  plots  are  shown  in 
Figures  16-18.  Both  visual  analysis  and  least  squares  correlation  coefficients 
(Table  4}  indicate  little  correlation  and  an  inverse  relationship,  if  any 
(tendency  toward  decreased  l.S.  with  increasing  Ap)  •  This  observation  is 
substantiated  by  the  following  3-paramecer  least  squares  fits  of  l.S.  to  NO2#, 
Nm1/2  and  Ap^ 

Nitramines 

logiohso  •  4.409  -  1.181(N02#)  -  0.083(Nm1/2)  +  0.713(Ap  ) 
correlation  coefficient  0.68 

Aromatics 

10810^50  •  •'*•655  -  1.639(N02(^)  +  0.019(Nm1/2)  +  0.560(Ap  ) 
correlation  coefficient  0.63 

Aliphatics 

logiohso  “  ^*602  -  0.849(N02j!^)  -  0.116(Nm1/2)  +  o.7411(Ap  ) 
correlation  coefficient  0.69 

As  can  be  seen,  the  correlation  coefficients  are  only  insignificantly  higher 
than  those  for  the  l.S.  fits  to  ^i02i^  and  (o.67,  0*62  and  0.68). 

These  results  indicate  that  Ap  does  not  have  a  significant  effect  on  impact 
sensitivity.  The  positive  values  of  the  Ap  coefficients  in  the  least  squares 
equations  above  suggest  that  if  Ap  has  any  effect,  it  is  that  positive  values 
tend  to  lower  the  sensitivity  (produce  larger  values  of  log^o^iso^* 

Therefore,  explosive  performance  can  be  increased  with  no  sensitivity  penalty  by 
choosing  compounds  with  exceptionally  high  densities  for  their  molecular 
composition;  that  is  compounds  with  large,  positive  values  of  Ap  • 

A  curious  feature  of  the  correlations  carried  out  here  is  the  similarity  in 
the  variation  of  the  correlation  coefficients  for  the  l.S.  vs 
l.S.  vs  pQ  plots  among  the  three  classes,  i.e.,  significant  correlations  for 
the  nitramines  and  nitroaliphatics ,  but  no  correlation  for  the  nitroaromatics  in 
both  series.  VThether  this  is  coincidence  or  a  pecularity  of  the  set  of 
compounds  used  in  this  work  is  not  clear  at  this  point. 

It  is  of  interest  to  examine  the  structures  of  those  compounds  which  show 
the  largest  positive  deviation  from  the  regression  lines  in  the  l.S. /a.  and 
the  1.S./NM*-/2  plots,  and  are  thus  the  least  sensitive  for  a  given  qj. 

pQ,  These  compounds  are  listed  in  Tables  5,  6,  and  7.  In  the  aromatic 
series,  because  of  lack  of  correlations,  these  compounds  are  those  with  the 
lowest  impact  sensitivities,  and  are  the  same  for  both  plots.  However,  it  is 
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noted  that  even  for  the  nitramines  and  the  nitroaliphatlc  compounds  the  same 
exceptional  structures  are  often  present  in  both  the  plots.  In 

these  cases  a  likely  reason  is  the  dependence  of  both  ^^d  on 

NO2#,  and  Indeed  many  of  these  compounds  are  also  exceptional  in  the 
I.S./NO2#  plots. ^  Beyond  this,  the  structures  in  the  three  series  of  compounds 
appear  to  have  little  else  in  common.  The  structures  common  to  the  ^nd 

Pq  plots  should  represent  potential  IHPE'a  and  are  worthy  of  further 
investigation. 
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SUMMARY  AND  CONCLUSIONS 


Significant  positive  trends  have  been  observed  for  correlations  of  impact 
sensitivity  (I.S.)  with  NO2#,  fiq,  NM^/^^  and  of  NO2#  with  Pq  and 
NM^'^  for  series  of  polynitroaliphatic  compounds  and  nitramines.  The  trends 
in  I.S.  with  NM^^^  and  Pq  appear  to  be  caused  by  the  dependence  of  all  three 
parameters  on  the  N02#.  Ap  •  an  increment  of  exceptional  density,  is  found  to 
be  independent  of  I.S.,  or  may  decrease  it  slightly. 

By  contrast,  in  a  series  of  polynitroaromatic  compounds,  the  only 
correlations  exhibiting  significant  trends  are  between  I.S.  and  NO2#. 

The  trends  observed  are  in  general  quite  broad.  This  is  believed  to  be  due, 
in  part,  to  variations  in  the  conditions  under  which  the  impact  sensitivities 
were  determined.  Despite  this  shortcoming  inherent  to  the  data  set,  a  number  of 
tentative  conclusions  relevant  to  the  design  of  IHPE's  are  drawn  from  the 
correlations  carried  out  herein,  and  are  offered  for  consideration: 

1.  The  overriding  factor  determining  both  performance  in  metal  acceleration 
and  impact  sensitivity  is  the  NO2#,  or  more  generally  the  oxygen  balance  of 

the  compound. 

2.  To  the  extent  that  NM^/^  and/or  Pq  can  be  increased  independent  of 

NO2#,  favorable  performance/sensitivity  ratios  should  be  possible.  This 
appears  most  feasible  for  polynitroaromatic  compounds  because  of  a  general 
absence  of  significant  correlations  between  Pq,  and  NO2//. 

3.  Other  possibilities  for  increasing  performance  without  paying  a  penalty 

in  I.S.  are  compounds  with  exceptionally  high  crystal  densities,  compounds  with 
exceptionally  high  products  I.S.  x  and  I.S.  x  Pq,  and  possibly 

compounds  with  high  NM^/^  for  a  given  NO2#  (the  existence  of  the  latter  type 

of  compounds  has  not  been  ascertained). 
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FUTURE  FLANS 


The  remaining  important  molecular  property  which  undoubtedly  affecta  both 
l.S.  and  performance,  and  which  has  not  been  considered  here,  is  the  energy  of 
detonation  (Q).  In  future  efforts  correlations  involving  this  quantity  and  l.S, 
will  be  attempted. 
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TABLE 

4.  LEAST  SQUARES  CORRELATION  COEFFICIENTS  AND  RANK 

• 

DIFFERENCE  COEFFICIENTS  FOR  ONB^PARAMETER  CORRELATIONS 

• 

Clast 

I.S./  I.S./  NMi/2/  i.s./  fij  I.S./ 

NO2#  NMI/^  NO2#  Po  **02#  Ap 

Nitr«mine« 


Nitroaromacica 


Nitroaliphatics 
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TABLE  5.  EXCEPTIONAL  COMPOUNDS  -  NITRAMINES* 


Compd*  from  Fig.  I  logh5o  Compdn  from  Fig.  10  logtiso  Compdi  from  Fig.  4 
(I.S./Nm1/2)  xNMI/2  (I.S./^Io)  x  pQ  (I.8./NO2#) 


CX  CH  I-?0CH  CH  36.0 
3  2  2j  2 

CX  CH  N-COCH  CH 
3  21^  22 


‘■a 


CH  CX  CH  N-CH 
3  2  2  I  2 

CH  CX  CH  N-CH 
3  2  2«  2 

A 


CH  OCH  NCH^ 

3  2 

N-X 

CH  OCH  NCH-^ 

3  2*  2  I 

?  V 

CH  CX  CH  CH  N-CQ  35.5 
3  2  2  2  1 

<?H2 

9X2 

(JH2 

CH  CX  CH  CH  N-CO 
3  2  2  21  I 

X  0 

CX  CH  OCCH  CH  N  34.6 
3  2  2  2| 

VH2 

CK2 

CX  CH  OCCH  CH  N 
3  2^  2  2' 


CH  CH  CX  CH. 
3  2  2 

CH  CH  CX  CH*^ 
3  2  2  2 


3.61  SAME 


CH  NCH  CH  N-C-0 
3  2  2  1 


CH  NCH  CH  N-C-0 

3i  2  2i 


3.31  0  NOCH  CH  CH  CX  CH 

2  2  2  2  2 


0  NOCH  CH  CH  CX  CH 
2  2  2  2  2  2 


CH— N-CH— CH- 
3  2  2 


3.12  SAME 


*X  -  NO2 


'SAME"  means  the  nearest  structure  to  the  left 
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TABLE  6. 

EXCEPTIONAL  COMPOUNDS 

logh50 

Structur« 

X  Nm1/2 

TATB 

38.1 

DATB 

37.2 

Fluoro  -  DATB 

35.8 

CH3 

35.6 

^2 

35.2 

X 

2 ,2“Dinitropropyl 
trinitrobenzoate 

34.2 

N 

lUQ^x 

33.4 

Picramide 

32.4 

Trinitro-ffl-cresol 

32.0 

Diantino  picric  Acid 

— 

*X  «  NO2 


NITROAROMATICS* 

logh5o 

X  fio 

4.86 

4.60 

4.57 

3.67 


4.47 


3.97 

3.96 

3.85 

4.09 
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TABLE  7.  EXCEPTIONAL  COMPOUNDS  -  NITROALIPHATICS* 


Conpdt  from  Fig.  3 

^^8^50 

Compda  From  Pig.  12 

logh5o 

Compda  from  Pig.  6 

i  '* 

(I.8./NM1/2) 

xNm1/2 

(I.S./Pq) 

xpo 

(I.S./NO2#) 

« 

CX  CH  MH^O-CH  CH 

3  2  212 

CX  CH  NHCO-CH  CH 

3  2  H  2  2 

0 

36.1 

COCH-  CX, 
""6 

3.77 

— 

2 , 2-Dinitropropyl 

4,4,4-trinitro- 

butyrate 

35.8 

SAME 

3.66 

SAME 

} 

Trinitroethyl 

4,4~dinitrohexa- 

noate 

34.4 

SAME 

3.55 

SAME 

CX  CH  CH  ?0-CH 

3  2  2  1  2 

CX  CH  CH  CO-CH 

3  2  211  2 

0 

33.5 

SAME 

3.39 

g 

CX  CH  CH  C-NH 

3  2  2  \ 

^CH2 

CX  CH  CH  C-MH 

3  2  2ll 

0 

33.4 

SAME 

3.46 

SAME 

CX  ?-NH-C  H 

3  3  7 

33.2 

— 

— 

— 

2,2-Dinitrobutyl 

4,4,4-trinitro- 

butyrate 

32.2 

— — 

— 

SAME 

! 

Bis  (2,2-Dinitro- 
propyl) 

4,4,4-trinitro  - 
butyramide 

32.4 

SAME 

*X  »  NO2 

j 

"SAME"  means  Che  nearest  sCruture  Co  the  left. 

L 

41/42 

'rrm. 


NSWC  TR  80-495 


DISTRIBUTION  LIST 


Chief  of  Naval  Operations 
MashingCon,  DC  20350 

Office  of  Naval  Research 
Attn:  Code  473  (Dr<  R<  Miller) 
Technical  Library  (ONR-715) 
Arlington,  VA  22217 

Naval  Sea  Systems  Command 
Attn:  Code  62R32  (Mr.  G.  Edwards) 
Code  62R2  (Mr.  J.  Murrin) 
Washington,  DC  20362 

Naval  Air  Systems  Command 
Attn:  Code  330  (Mr.  R.  Heitkotter) 
Code  310  (Dr.  H.  Mueller) 
Washington,  DC  20360 

Naval  Ordnance  Station 

Attn:  Code  5254  (Mr.  S.  Mitchel) 

Indian  Head,  MD  20640 

Commanding  Officer 
Naval  Weapons  Station 
Attn:  L.  Rothstein 

Technical  Library 
York town,  VA  23691 

Strategic  Systems  Project  Office 
Attn:  Dr.  J.  F.  Kincaid 
Dept,  of  the  Navy 
Room  901 

Washington,  DC  20376 


43 


■  i- 


NSWC  TR  80-495 


DISTRIBUTION  LIST  (Continued) 


Naval  Weapona  Canter 

Attn:  Code  385  (Dr.  A.  B.  Amster; 

Dr.  A.  Nielaen;  Or.  R.  Atkins; 
Dr.  W.  Norris) 

Code  388  (Dr.  R.  Derr; 

Dr.  R.  Reed,  Jr.) 

Code  3205  (Dr.  C.  Thelen) 

China  Lake,  CA  93555 

Air  Force  Office  of  Scientific 
Research 

Attn:  Directorate  of  Chemical 
&  Atmospheric  Sciences 
Directorate  of  Aerospace 
Sciences  (Dr.  L.  Caveny) 

Bolling  Air  Force  Base 
Washington,  DC  20332 

AFRPL 

Attn:  Code  MKPA  (Dr.  F.  Roberto; 

Dr.  N.  Vanderhyde) 

Edwards  AFB,  CA  93523 

AFATL 

Attn:  DLOE  (Dr.  L.  Elkins; 

Mr.  T.  Floyd;  Capt  R.  Hildreth) 
Eglin  AFB,  FL  32542 

F.  J.  Seiler  Research  Laboratory 
Attn:  Or.  J.  Wilkes 
USAF  Academy 

Colorado  Springs,  CO  80840 
USA  ARRADCOM 

Attn:  DRDAR-LCE  (Dr.  R.  Walker; 

Dr.  N.  Slagg;  Dr.  E.  Gilbert) 
Dover,  NJ  07801 

USA  ARRADCOM 

Attn:  DRDAR-BLP  (Mr.  L.  Watermeir; 

Dr.  A.  Barrows) 

Army  Ballistic  Research  Labs 
Aberdeen  Proving  Ground,  MD  21005 

U.S.  Army  Research  Office 
Chemistry  Division 
P.O.  Box  12211 

Research  Triangle  Park,  NC  27709 


44 


NSWC  TR  00-495 


DISTRIBUTION  LIST  (Continued) 


££Ei®£ 


U.S>  Army  Missile  R&O  Command 
Attn:  DRDMI-TBD 

Redstone  Scientific  Information  Center 
Redstone  Arsenal,  AL  33809 

Los  Alamos  National  Laboratory 

Attn:  WX-2  (Dr.  R.  Rogers;  Dr.  H.  Cady; 

Dr.  M.  Coburn) 

P.O.  Box  1663 

Los  Alamos,  NM  87545 

Lawrence  Livermore  National  Laboratory 
Attn:  Mr.  M.  Finger 
R.  R.  McGuire 
University  of  California 
Livermore,  CA  94550 

Aerojet  Solid  Propulsion  Company 
P.O.  Box  13400 
Sacramento,  CA  95813 

Ballistic  Missile  Defense 
Advance  Technology  Center 
Attn:  Dr.  David  C.  Sayles 
P.O.  Box  1500 
Huntsville,  AL  35807 

Fluorochem,  Inc. 

Attn:  Dr.  K.  Baum 

Dr.  V.  Grakauskas 
680  S.  Ay on  Avenue 
Azusa,  CA  91702 

Hercules  Inc.,  Cumberland 
Attn:  Dr.  Rocco  Musso 
Aerospace  Division  Allegany 
Ballistics  Laboratory 
P.O.  Box  210 
Cumberland,  MD  21502 

Hercules  Inc.  Magna 
Attn:  Mr.  E.  H.  DeBuCts 
Dr.  J.  H.  Thatcher 
Bacchus  Works 
P.O.  Box  98 
Magna,  UT  840^4 


I 


3 


I 

I 


I 


1 


I 

I 


I 


I 

I 


45 


NSWC  TR  80-495 

DISTRlBUTtON  LIST  (Continued) 


Copies 


Johns  Hopkins  University  APL 
Attn:  Mr.  Theodore  M.  Gilliland 
Chemical  Propulsion  Information 
Agency 

Johns  Hopkins  Road 
Laurel,  MO  20810 

NASA 

Scientific  and  Technical  Information 
Facility 
Box  33 

College  Park,  MD  20740 

Rockwell  International 
Rocketdyne  Division 
Attn:  Dr.  M.  Frankel 
6633  Canoga  Avenue 
Canoga  Park,  CA  91304 

SRI  International 
Attn:  Mr.  M.  Hill 
Dr.  0.  Ross 
33  Ravenswood  Avenue 
Menlo  Park,  CA  94025 

Thiokol  Chemical  Corp. , 

Brigham  City 
Attn:  Dr.  G.  Thompson 
Wasatch  Division 
Brigham  City,  UT  84302 

Defense  Technical  Information 
Center 
DTIC-DDA-2 
Cameron  Station 
Alexandria,  VA  22314 


I 


I 


I 


1 

I 


I 


12 


46 


NWMItVetWMMI/l  (««•.  Mt) 


. . . . 


TO  AID  IN  UPDATING  THE  DISTRIIUTION  LIST 
FOR  NAVAL  SURFACE  WEAPONS  CENTER,  WHITE 
OAK  TECHNICAL  REPORTS  PLEASE  COMPLETE  THE 
FORM  RELOWs 


TO  ALL  HOLDERS  OF  _ 

by  H.  G.  Molph,  Com  llii  '  ' 

DO  NOT  RETURN  THIS  FORM  IF  ALL  INFORMATION  IS  CURRENT 


NSW  AOOnCM  (Slutw  Zip  Cad») 


C. 

I  I  RCMOVC  THIS  rACILITY  FROM  THK  DISTRISUTION  UiST  FOR  TeCHNICAU  RKPORTS  ON  THIS  SURJECT. 


O. 

NUMBER  OF  COPICt  OCSIREO 


•POMMM 


DIPARTMIHT  OP  THf  NAVY 
NAVAL  SURPACe  tflAPOMS  CINTER 

WNITe  OAK,  SILVER  SPRING,  MO.  20910  POSTAGE  and  PEES  PAID 

DEPARTMENT  OP  THE  NAVY 
DOD  316 

OPPICIAL  DUSINESS 
PENALTY  FOR  PRIVATE  USE,  S300 


COMMANDER 

NAVAL  SURFACE  WEAPONS  CENTER 
WHITE  OAK,  SILVER  SPRING,  MARYLAND  20910 


AYTENTIONi  CODE  Rll 


